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The present invention relates to at least 
5 partly transparent products made of plastic, especially 
products of high optical quality, equivalent to that of 
a glass window. It is conceivable to replace glass 
sheets with plastic sheets in the construction of 
windows, for example for buildings or transport 
10 vehicles. fi^^ tf-fr* ft«*U«*L 

Compared with glass, plastics are lower in 
weight, which is a key advantage in the case of 
electrically driven town vehicles, in so far as an 
increase in their range is crucial. In such vehicles, 
15 it could even be envisaged producing, from plastic, in 
a single unit, entire doors or even complete sides of 
the body, including the windows, and, optionally, 
painting a lower part thereof. In general, the low 
weight of the transparent surfaces is relatively 
20 advantageous in the case of modern transport vehicles 
in so far as technical progress is going hand in hand 
with integration into windows of still more numerous 
functions (heated rear window, radio antenna, 
windscreen de-icing, colouration in order to prevent 
25 the passenger compartment heating up i n strong 
sunlight, incorporation of electrochromic compounds, 
display of information on the windscreen, etc.) and 
with ever increasing amounts of glazed surfaces. This 
results in a general increase in the vehicle weight, to 
3 0 the detriment of its energy consumption. 

Moreover, compared with glass, plastics are 
capable of providing improved safety conditions and 
superior anti-theft protection because of their greater 
toughness . 

35 A not ^significant advantage of plastics 

compared with glass resides in their superior ability 
to be easily converted into complex shapes. 

Finally, the ability of plastic shee*- 
deformed substantially reversibly makes it possible to 
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envisage ways c f fitting them into considerably 
simplified body openings by a sn ap-f astening mechanism, 
from the inside ju s t as from the outside of the 
vehicle . 

5 According to a first approach, flat plastic 

sheets are formed by extrusion, a component is cut to 
the required dimensions and fastened to a thermof orming 
device, a contact thermof orming operation is carried 
out with at least one so l id mould surface and, 
10 optionally, with the aid of compressed air or suction. 
The optical properties of a sheet thus extruded are not 
satisfactory. 

Furthermore, the scratchability of plastics, 
mentioned previously, is such that, in their optical 
15 applications or as transparent elements, it ^is 
necessary to coat the shaped components with a hard 
varnish. This operation is accompanied, as is well 
known to those skilled in the art, by problems of the 
varnish flaking, these problems being more acute in the 
case of surfaces of complex shapes, m addition, it has 
only been envisaged forming the hard varnish at a 
temperature below the deformation temperature or 
softening point of the plastic, the shape of which is 
thus entirely preserved during this operation. Such 
25 conditions of forming the varnish are excessively 
restrictive and have resulted in considerable effort 
being expended to produce varnishes which form at 
sufficiently low temperatures and, at the same time, 
thermoplastics with high softening points. ■ There 
30 therefore remained the need for a plastic which is 
transparent or intended for optical applications, in 
which the poor optical quality inherent ±„ the 
extrusion technique and the problem of the varnish 
flaking would be avoided and in which many varnishes 
could be employed in combination with many plastics 
under satisfactory compatability conditions. 

This product should be capable of being 
obtained by an Expensive, reliable and simple 
process. r 
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These o^ectivTa^e^esWly achieved by the 
invention, the subject of which is a product which is 
at least partly transparent and of high optical 
quality. More particularly, the invention resides in 
S the fact that this product comprises a pi astic Core 
integral with a skin comprising at least one plastic 
film supporting a scratch-resistant layer. 

This is because the property by which the 
scratch-resistant layer is supported on a plastic film 
10 guarantees easy and reliable procurement of an end- 
product of lasting high optical quality, as will become 
apparent in the rest of the description. It makes it 
possible to produce such an end-product on the basis of 
the scratch-resistant layer on its support film in a 
3 15 physical and chemical state which will not be modified 

'? consequently, or only very slightly, by combining it 

c wath the core especially by injection moulding the 

sj Plastic of which it is composed. The use of certain 

« scratch-resistant varnishes forming at relatively high 

w 20 temperatures optionally requires choosing a material 

for the support film which is sophisticated but in a 
low quantity. te£ctt^r\ 0^ The, fti*4c»rxA &^bUi^+e 

The expression -high optical quality or optical 
quality equivalent to that of a window" is understood 
to mean, in the sense of the invention, -optical 
quality equivalent to that of a glass window, which can 
be approved as a motor-vehicle window according to the 
various standards in force, especially the R 43 
standard in use in France". 
30 Whatever the material of the core, the 

inaction-moulding temperatures should not, of course 
affect the other constituents of the product. This 
material may be chosen from many plastics; it may be a 
conventional inexpensive thermoplastic having a 
35 relatively low softening point. According to the 
invention, the plastic of the core is capable of 
interacting with the skin for the purpose of obtaining 

high optical quality, while ai- i-h. ™« u_„, 

- Mwmv ^.-tinc nd v j_ fi Cf the 
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desired mechanical properties, in particular flexural 
strength and impact strength. 

Preferably, the skin has a thickness at most 
equal to 500 um, particularly preferably between 10 and 
* i00 um,^ and comprises one or more transparent 
thermoformable plastic films, for example made of 
polycarbonate (PC), polypropylene (PP) , poly (m ethyl 
methacrylate) (PMtt), an ethylene/vinyl acetate 
copolymer (EVA), poly (ethylene terephthalate) (PET) 
10 polyurethane (PU) , polyvinyl butyral ( PV B) or a 
cycloolefin copolymer (COC) , i.e. an ethylene/ 
norbornene copolymer or an ethylene/cyclopentadiene 
copolymer. One or more functions may be assigned to 
some of these thermof ormable plastic films by the 
incorporation of suitable agents. Depending on its 
thickness and its nature, the skin is capable of 
contributing to a greater or lesser extent to the 
mechanical properties of the product. 

Moreover, a functional layer may be deposited 
20 on a thermoformable plastic film of the skin, this 
being, in particular, the case with the scratch- 
resistant layer. Finally, a functional layer may be 
sandwiched, autonomously, between two thermoformable 
plastic films. 
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Advantageously, the scratch-resistant layer has 
a thickness of between 1 and 10 um; generally, it forms 
the external surface of the product of the invention 
It may essentially be inorganic and especially consist 
of polysiloxanes and/or of derivatives of silica and/or 
alumina, or a hybrid, such as consisting of networks of 
entangled inorganic and organic molecular chains linked 
to each other by means of silicon-carbon bonds. Such a 
hybrid layer exhibits excellent transparency, adhesion 
and scratch-resistance properties. It appears that the 
^organic network gives the coating its hardness and 
its scratch resistance while the organic network gives 
it its elasticity and its toughness. Such varnishes are 
well known and have been described in the published 
applications EP-A1-0, 524 , 417 and EP-A1-0, 718, 348, the 
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teaching of which i s incorporated here by way of 
reference; some of these varnishes are especially 
denoted by the registered trademark "Ormocer" which is 
an abbreviation for "Organically Modified Ceramic" It 
5 i» worth pointing out that the firing temperature of 
Ormocers is easily adaptable by varying the relative 
amounts of the organic polymer fraction and the 
xnorganic fraction, with regard to the plastic of the 
support film, it may be useful, or indeed necessary, to 
10 adapt its composition so as to make it compatible with 
the method and temperature of deposition of the 
scratch-resistant layer. 

Other functionalities may be incorporated into 
the skin. 

15 According to one particular embodiment, the 

external layer of the skin, in contact with the 
environment, contains a hydrophobic/oleophobic agent 
which therefore imparts this property to the external 
surface of the product. As hydrophobic/oleophobic 
20 agent, fluorinated polygenes are well known 
especially those obtained from precursors having a 
hydrolysable alkoxy- or halogeno- type functional group 
at one end, this functional group serving for chemical 
bonding to the substrate, and a perf luorinated carbon 
chain at the other end, this chain being intended to 
constitute the external surface of the product. 

The hydrophobic/oleophobic agent is, in 
decreasing order of preference, incorporated into the 
scratch-resistant layer, which has a chemical structure 
close to its own, or with which it is at the very least 
chemically compatible, or grafted in the form of a thin 
layer having a thickness of between 2 and 50 nm 
preferably onto the scratch-resistant layer, or 
alternatively self -supported on a plastic film, such as 
35 a polyvinyl fluoride, (PVF) or a poly ( vinylidene 
fluoro.de) (PVDF), to be advantageously applied directly 
to the scratch-resistant layer. 

According to-a variant, at least one decorative 
and/or masking layer, covering all or part of the 
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surface of the product, is positioned in the skin 
preferably directly under the support film of the 
scratch-resistant layer. 

This layer may, for example, replace the 
5 screen-printed decoration often deposited around the 
periphery of the internal face of windows, especially 
for motor vehicles, for the purpose of masking, in the 
case of an observer outside the vehicle, the body 
elements forming the frame of the opening an d the 
10 adhesive bead which is thus protected from degradation 
by ultraviolet radiation. This layer may include opaque 
or transparent coloured decorative elements, making it 
possible to produce coloured elements matching the body 
or the internal fittings, logos, etc. 

15 The skin m *y be Provided with an adhesion 

layer, in particular on its internal face for fastening 
to the core, but also between two films or layers of 
the skin. Standard adhesives are polyvinyl butyral or 
polyurethane . 

Finally, among the main constituents of the 
skin are the optically selective layers which are 
stacked, for example beneath the decorative and/or 
masking layer. These layers are distinguished by a high 
transmission in the visible range (wavelengths from 400 
to 800 nm) and a high absorption and/or reflection in 
the ultraviolet range « 400 nm) and infrared range 
(> 800 nm) . These layers may consist of thin metal 
layers, for example based on silver, having thicknesses 
of between 2 and 35 nm, separated from each other, as 
30 well as from other adjacent layers or £ 

dielectric layers of oxides or nitrides of indium, tin, 
silicon, zinc, titanium, tungsten, tantalum, niobium, 
aluminium, zirconium, etc., generally having 
thicknesses of between 10 and 150 nm. These layers may 
include at least one bulk-coloured layer. 

The combination of these layers may be 
electrically conductive; i t may belong to thg fa 
solar-protection stacks used for limiting the influx of 
*eat by solar radiation into closed spaces or to that 
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of low-emissivity stacks used, on the contrary, to 
limat the loss of heat from closed spaces, this loss 
be^ng mainly due to transmission of infrared radiation 
through the window. Such stacks are described in 
5 Patents FR 2,708,926 and EP 0,678,484. 

The core of the product of the invention 
consists of a thermoplastic 5 uch as polycarbonate, 
poly(methyl methacrylate) , an ethylene/vinyl acetate 
copolymer, poly (ethylene terephthalate) , a cycloolefin 
10 copolymer (for example, an ethylene/norbornene or 
ethylene/cyclopentadiene copolymer), or of an ionomer 
resin (an ethylene/methacrylic acid copolymer or an 
ethylene/acrylic acid copolymer neutralized with a 
polyamine, etc.), or of a thermosetting or thermally 
15 crosslinkable material (polyurethane, unsaturated 
polyester, ethylene/vinyl acetate copolymer), or else 
of a combination of several thicknesses of the same one 
or several of these plastics, on condition that the 
core is chemically compatible with the skin of the 
2 0 product according to the invention and gives the 
assembly the required mechanical properties. 

The subject of the invention is also a process 
for manufacturing the product described above. 

In a first phase of this process, the 
constituents of the skin are assembled, this being in 
the form of a ply or developed, optionally plane. 

The scratch-resistant layer, when it is made of 
polysiloxanes, is advantageously formed cold on its 
support film and/or by plasma-enhanced deposition, such 
as plasma CVD (Chemical Vapour Deposition) . Insofar as 
polysxloxanes formed in this wa y are no longer 
reactive, having already completely reacted, it is 
necessary to choose the composition of the scratch- 
resistant layer so that it can be bent, in order to 
35 avoid subsequent flaking problems. 

When the scratch-resistant layer consists of 
Ormocers, these are applied flat in the form of liquid 
precursors to the support film, using the conventional 
techniques of flow coating, dip coating, especially in 
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a bath of small volume for the sake of economizing, 
liquid spraying or curtain spraying. The precursor 
consists, for example, of colloidal dispersions in 
solvents of several hybrid compounds, that is to say 
5 compounds which are both organic and inorganic, or of 
low-molecular-weight polymers f unctionalized by SiOR 
groups in a mixture with tetraethoxysilane . The 
scratch-resistant layer is then cured using a sol-gel 
process in which the precursor is firstly dried, 
10 passing through the intermediate state of a gel, by 
moderate radiation or heating, especially, in the 
latter case, at less than 50°C. The support film is 
then always held substantially flat; the curing of the 
Ormocer is completed during the second phase of the 
15 process, described below, which consists in 
thermoforming the said skin by ultraviolet radiation 
and/or heating to temperatures of 100 to 300°C, and 
more specifically 140 - 240*0. 

In either case, the layers, in particular the 
20 scratch-resistant layer on the assembled and bent end- 
product, meet the required properties for its use, 
especially the regulation optical properties when it is 
to be used as glazing or as an element comprising a 
window for a transport vehicle, especially a motor 
25 vehicle. 

The often complex shapes of motor-vehicle 
windows mean that the scratch-resistant layer in 
particular must be able to be bent without flaking and 
without cracking. Thus, advantageously, the scratch- 
resistant layer is on ly fully cured after its support 
has been shaped and, preferably, it only starts to cure 
and crosslink at the same time as its support is being 
Shaped, so as finally to have a surface appearance 
without crazing or flaking. 

The deposition and formation techniques which 
have just been described may also be used for 
incorporating the hydrophobic/oleophobic function 
wnetner tne corresponding agent forms an integral part 
of the scratch-resistant layer or is supported on a 
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plastic film; when it is grafted on as a thin layer, it 
is also preferably formed by depositing it in liquid 
form by spraying, if it consists of silanes, or by 
evaporation using techniques such as plasma CVD, 
optionally under vacuum. 

The decorative and masking layer or layers are 
provided on support films, especially made of plastic, 
according to the techniques used in printing: screen 
printing, flexography, ink-jet printing, laser 
printing, etc. 

The adhesion layer is usually provided in the 
form of an integral thermoplastic film. 

The formation of optically selective stacks 
makes use of successive deposition operations using 
15 sputtering, especially sputtering assisted by a 
magnetic field, or the like. In this regard, reference 
may again be made to Patents PR 2,7 08, 926 and 
EP 0,678,484. 

The first phase of the process of the invention 
20 for forming the substantially flat skin may be 
concluded by an operation whose purpose is to 
consolidate the constituents thereof to a greater or 
lesser extent, especially by cold calendering or 
calendering at a temperature slightly above room 
25 temperature. 

As briefly mentioned above, the second phase of 
the process consists in thermof orming the skin at a 
preferred temperature of 100 - 300 °C into a shape, 
optionally non-developable, identical to that of the 
3 0 end-product. 

To do this, it is advantageous, in particular 
in order to complete the curing and/or crosslinking of 
the scratch-resistant layer, to allow it to come into 
contact with the ambient atmosphere, that is to say 
without coming into contact with solid elements; only 
the other face of the skin is then in contact with a 
support whose purpose is to give it shape. Auxiliary 
means, for example, - blowing or suction means, may be 
used to shape at least part of the skin to this 
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support. Apart from completing the crosslinking of 
certain constituents, the heat treatment carried out in 
this second phase has the effect of relaxing the 
stresses in the skin. 
S The third phase of the process of the invention 

consists in joining the skin to a plastic core by hot 
pressing in a form or by thermoplastic injection 
moulding or reactive injection moulding (rim) of the 
material of the core, the skin having been positioned 
10 in the bottom of the mould, at the start of this third 
phase, in such a way that its scrat ch-resista nt layer 
and/or its hydrophobic/oleophobic layer, which~Ta^r is 
fully cured and/or crosslinked, i.e. virtually no 
longer reactive, is in direct contact with the mould 
15 wall. 

Another object of the invention is the 
application of the product described above as a body 
element, a transparent part of which forms a window, 
especially for motor vehicles. 

20 The invention will now be illustrated by the 

following example. 

EXAMPLE 

The scratch-resistant coating described in the 
example in Patent Application EP-A-0, 718, 348 is 
25 deposited as a 20 um thick liquid film on an 80 pm 
thick film of standard polycarbonate prepared from 
bisphenol A, sold by Bayer AG under the registered 
trademark "Makrolon®", which has a glass transition 
temperature T g equal to 145°C, by flow coating. 

The coated support film is then placed in the 
bottom of a mould, the scratch-resistant layer being 
positioned on top; the assembly is then subjected to a 
heat treatment of 155^C_for 30 min. A skin in the sense 
of the present invention is then formed, this having 
35 its virtually final shape. 

The skin is placed in the bottom of an 
injection mould so that the scrath-resistant layer is 

. w^-„ L wv^^ *ct_Lx. xnere men follows, in 

the manner described above, the thermoplastic injection 
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moulding, on two different specimens, of a 5 mm thick 
layer, on the one hand, and a 10 mm thick layer, on the 
other hand, of the same standard polycarbonate as that 
making up the support film of the scratch-resistant 
5 layer. 

The laminate obtained exhibits a transparency 
and an optical quality which are amply sufficient for 
application as a window. 

The process of the invention has the advantages 
10 inherent in the injection-moulding technique. It is 
thus possible to form the injection-moulded component 
with a peripheral bead in order to increase its 
stiffness, or with a relief and/or extensions, such as 
ribs, profiles, tabs or lugs, and/or to arrange one or 
15 more inserts, especially metal inserts, in the plastic. 
This arrangement is particularly useful for gripping or 
fastening the product of the invention, as well as for 
fitting it in its intended final position, such as in a 
body opening of a motor vehicle. In the latter case, 
2 0 forming suitable peripheral profiles makes it possible 
to envisage fitting the product from inside the 
vehicle, i.e. from inside the passenger compartment. 
The adhesive bead is then placed under the edge of the 
body opening and is not exposed to solar radiation. 
25 Protecting the adhesive bead with a varnish formed 
around the periphery of the internal face of the sheet 
becomes, of course, superfluous. 

The appendages formed around the periphery of 
the product while it is being injection moulded may be 
preserved, or sawn off completely or partly depending 
on their use . After such sawing, a rubbing-down 
operation may be provided. 

A peripheral profile with a geometry which is 
symmetrical with respect to the plane of the product 
35 may be opportune, for example in the case of 
transparent side surfaces of transport vehicles, it 
being possible for one or other part of the profile to 
be subsequently sawn off, depending on whether it is a 
left-hand or right-hand transparent element. 
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Moreover, optional inserts may be associated 
with the incorporation into the product of special 
functions, such as a stop light in a rear window. 

Finally, the process of the invention is 
economic, easy and reliable and allows the use of many 
combinations of constituents without the problem of 
their compatability, especially from the standpoint of 
their processing temperatures, arising. 
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